The first objective of this study was to create a recorded Mandarin Early Speech Perception (MESP) test based on the English Early Speech Perception test (Moog & Geers 1990 ), a closed-set assessment tool for evaluation of early speech perception abilities in children. The second objective was to determine whether each of the MESP subtests is appropriate for children with these abilities. The third objective was to examine the effects of early exposure to and use of Putonghua (Standard Mandarin), as used for the recordings, on performance for each subtest.
INTRODUCTION
The need for objective pediatric assessment tools for evaluation of speech perception ability is underscored by the advent of early identification and intervention programs that enable the initiation of treatment of hearing impairment in very young children (Osberger et al. 2002; Colletti et al. 2005; Waltzman & Roland 2005) . A variety of such tools are available for the evaluation and habilitation of English-speaking children with hearing aids and cochlear implants (CIs). Eisenberg et al. (2006) proposed a hierarchically structured assessment battery to evaluate early auditory awareness and subsequent speech perception from birth through adulthood. A test battery, rather than a single test, is required because of the rapid development of speech and language during the early years after intervention. Eisenberg et al. used this battery effectively to document the rapid growth in speech perception during the first years of life in normally hearing children and in deaf children who receive CIs around 2 yr of age.
The findings by Eisenberg et al. (2006) demonstrate that with early intervention the developmental trajectory for speech perception in CI recipients approaches that of normally hearing children of the same age. These findings also serve to define a benchmark against which the success of early intervention programs elsewhere can be compared. In China, the lack of speech perception test materials makes it difficult to identify the habilitation outcomes in children with hearing impairment and follow the progress of their speech perception abilities. In addition, it is often difficult to determine appropriate CI candidacy without such measures. The primary purpose of this research was to develop an objective assessment tool in Mandarin for use in the evaluation of young children. This assessment tool, together with other assessment tools that currently exist or are under development, will eventually comprise a Mandarin hierarchical assessment battery that can be used to establish a similar benchmark for early intervention programs in China.
The English hierarchical assessment battery comprises several tests that span the period of rapid changes in early speech and language development. The first test, the Infant-Toddler Meaningful Auditory Integration Scale (ITMAIS) (Robbins et al. 1991; Zimmerman-Phillips et al. 2000) or Meaningful Auditory Integration Scale (MAIS), is based on a structured parent interview and assesses early prelingual auditory development from birth to 2.0 yr of age or from 3.0 to 6 yr of age. Because the target age group is prelingual, the ITMAIS/MAIS does not include measures of speech perception. The second test, the Early Speech Perception (ESP) test (Moog & Geers 1990; Geers 1994) , is a closed-set measure of simple speech perception tasks using words. The ESP is the first speech perception test in the hierarchy and is intended for children who are 2 or more years of age and able to select between response alternatives in a closed-set task (Eisenberg et al. 2006 ). The ESP is relevant to the needs in China because it assesses the first evidence of speech perception during normal development and after early intervention with CIs or hearing aids. The Pediatric Speech Intelligibility (PSI) test (Jerger & Jerger 1984; Eisenberg & Dirks 1995) follows the ESP and measures simple closed-set word and sentence perception in the presence of a competing voice. This test is for children aged Ն3 yr who achieve passing scores on categories 3 or 4 on the ESP (Eisenberg et al. 2006) . The Lexical Neighborhood Test (LNT/ Kirk et al. 1997) , an open-set word recognition test, is used to evaluate children who receive passing scores on the PSI. The pediatric Hearing In Noise Test (HINT; Nilsson et al. 1994; Gelnett et al. 1995) , an adaptive open-set sentence test given in quiet or in noise, follows the LNT for children aged Ն5 yr who achieve passing scores on the LNT. Finally, the adult HINT (Nilsson et al. 1994; Vermiglio 2008; Soli & Wong 2008) is an adaptive open-set sentence test for individuals from 16 yr of age through adulthood. Some of these tests allow measures of speech perception for children with hearing impairment to be compared with that of normally hearing children.
A Chinese version of the ITMAIS has already been developed and normed (Zheng et al. 2009 ). Likewise, Mandarin versions of the PSI (Zheng et al. in press) , the adult HINT (Wong et al. 2005) , and the pediatric HINT (Wong, Reference Note 1) have also been developed and normed.
This research focused on the development of the Mandarin ESP (MESP). This choice was governed by several considerations. The English ESP is the first speech audiometry tool used to assess speech perception directly in young hearingimpaired children before and after treatment with hearing aids or CIs. These are also the first assessment needs for Chinese children with hearing impairment. The ESP itself is hierarchically structured with four speech perception categories: category 1 (Detection of Speech), category 2 (Speech Pattern Perception), category 3 (Some Word Identification), and category 4 (Consistent Word Identification) (Moog & Geers 1990) . A recorded version was made at the time the ESP was published, and the developers recommended its use. The ESP is scored according to the highest speech perception category in which the child is able to perform accurately. This method is also the recommended method of scoring the MESP, especially when it is used for clinical populations with hearing impairment. This study with developmentally normal subjects reports both the percentage of children who were able to reach performance levels significantly above chance in each category and the average percent correct scores for each category.
A major challenge in development of the MESP was to create a set of subtests that parallels the English subtests for categories 2 to 4, while appropriately controlling and manipulating variations in lexical tone in Mandarin. (Category 1 is based on clinician judgments that can be made equally for either language.) Mandarin has four lexical tones, tone 1 (flat), tone 2 (rising), tone 3 (falling-rising), and tone 4 (falling) that, together with segmental contrasts, are used to distinguish words in the Mandarin lexicon (Wang et al. 2006) . The use of lexical tone in Mandarin, and other phonological differences between the languages, made it impossible to use a direct translation of the ESP materials, although some of the words in both tests have the same meanings. Instead, it was necessary to define six categories and subtests for the MESP to control and manipulate lexical tone. The first three categories of the MESP parallel those of the ESP, while limiting variations in tone. The final three categories, Vowel Perception, Consonant Perception, and Tone Perception, differ from the ESP. The first three categories are intended for evaluation of profoundly hearingimpaired children, and thus they are simple tests for the developmentally normal subjects in this research. The last three categories provide more analytic information about the early development of Mandarin speech perception and are more challenging, even for developmentally normal children.
The first section of this article describes the development of the MESP test items and categories. A description of the means by which lexical tone has been introduced into the test is given, and the structure of the MESP is described in detail. After this section, an evaluation of the MESP items and test procedures in developmentally normal children aged 2.0 to 5.0 yr is reported. Analyses of the data from this study show that developmentally normal 2-yr-olds, in fact, perform perfectly on the three MESP categories that parallel the ESP. Although perfect performance was not uniformly achieved on the three more difficult categories, almost all 2-yrolds performed significantly above chance on all categories. Small but statistically reliable developmental trends and dialect exposure effects were observed for the most difficult category, Tone Perception. The occurrence of these developmental trends and dialect exposure effects for tone perception raise intriguing, but as yet unanswered, questions about the development of Mandarin speech perception in normally hearing children.
MATERIALS AND METHODS

Structure of the MESP
The development of the test materials for the MESP presented several challenges in addition to the normal constraints that arise with pediatric speech tests for young children. These challenges arose primarily because of the use of lexical tone in Mandarin. Lexical tone is a perceptually salient property of each Mandarin utterance, and its uncontrolled variation in the test materials can confound the intended measures. The structure of the first three MESP categories is intended to parallel that of the ESP, while limiting variations in tone. The final three MESP categories control the potentially confounding effects of segmental and tone variations. Table 1 summarizes the similarities and differences of the two tests.
Category 1, Sound Detection, is the same for both tests and consists simply of the clinician's observation of whether the child is aware of amplified speech (Moog & Geers 1990) .
Category 2, Speech Pattern Perception, differs slightly from the two tests. Responses in this subtest are scored according to correct recognition of the speech pattern, as conveyed by the temporal envelope of the utterance, and not according to correct word recognition. Four speech patterns, with three words representing each pattern, are included in the category 2 test. The four patterns in both tests consist of monosyllabic words, disyllabic words with equal stress (spondees), disyllabic words with unequal stress (trochees), and trisyllabic words. Two tone constraints have been applied to the Mandarin words used in this test. First, no words with tone 3 are included. Tone 3 has a pitch contour that falls and then rises, with a dip in its temporal envelope at the lowest point of the pitch contour. This dip can cause monosyllabic words with tone 3 to be confused with disyllabic words if only the speech pattern is heard. Second, the tones of the first and second syllables of Mandarin spondees are always the same. Thus, the three sets of Mandarin spondee words have the same tones in both syllables.
Category 3, Spondee Word Perception, also differs slightly for the English and Mandarin tests. Four Mandarin spondees with tone 1 in both syllables, four with tone 2 in both syllables, and four with tone 4 in both syllables comprise the items in this test. Spondees with tone 3 were not included because the first syllable tone in these words is reduced to tone 2 in conversational Mandarin.
The Mandarin category 4 test, Vowel Perception, differs for the two languages. Word recognition for category 4 on the ESP is based primarily on perception of the vowel and final consonant. However, it was not possible to find 12 monosyllabic Mandarin words with the same initial consonant and lexical tone that differed only in their vowel and that were picturable and within the vocabulary of a 2-yr-old. Thus, it was necessary to select four sets of three words such that within each set the lexical tone and the initial consonant were fixed and only the vowel varied. A different tone was used for each set. Mandarin words and syllables comprise an initial consonantal segment and a vocalic-ending segment. There are 21 possible initial segments and 36 possible ending segments (So & Zhou 2000) . The initial segments are classified as consonants, and the ending segments are classified as vowels, either monophthongs or diphthongs with or without nasalization. Thus, the 12 vowels in these words represent one-third of the Mandarin inventory.
The Mandarin category 5 test, Consonant Perception, has no parallel in English. It was again necessary to control variations in tone, and again it proved impossible to find 12 monosyllabic Mandarin words with the same vowel and lexical tone that were picturable and within the vocabulary of 2-yr-olds. Thus, it was necessary to select four sets of three words such that within each set the lexical tone and vowel were held constant and only the initial consonant varied. A different tone was used in each of the four sets. Because of the constraints on word selection, eight different consonants were used to form the 12 words, with four consonants used twice. Thus, the consonants in these words represent slightly more than one-third of the Mandarin inventory.
The Mandarin category 6 test, Tone Perception, also has no parallel in English. This test presented the same challenges in word selection as categories 4 and 5. Again, it proved impossible to find a set of 12 monosyllabic Mandarin words with the same consonant and vowel that differed only in tone, necessitating the use of pairs of words that met these constraints. Based on all possible pairings of the four Mandarin tones, six sets of pairs were formed: 1-2, 1-3, 1-4, 2-3, 2-4, and 3-4. Within each set, four pairs of words contrasting only in the specified tone were selected. Each of these words was presented once, for a total of 48 test items.
Selection of Test Materials
All response alternatives for the MESP must be picturable. Candidate words were selected from Chinese story books intended for 2.0-to 3.0-yr-old children. An effort was made to select only nouns that name common objects, although in some cases it was necessary to select verbs representing familiar actions or activities. One quantitative word, " two" was also selected. Pictures corresponding to each word were selected from commercially available clip art databases and Internet sources. A two-step protocol was used to evaluate the suitability of each word-picture pair. In the first step, picture-naming, the child was shown the picture and asked to name the word. The picturenaming response was scored as correct or incorrect. After picturenaming of all the words in a test, each word was spoken by the experimenter while the child viewed a set of pictured alternatives on the screen of a notebook computer. If the child pointed to the correct picture, the recognition response was scored correct.
A pilot study with 17 children ranging in age from 2.0 to 5.0 yr was conducted at a local preschool in Chengdu using this protocol. Double the number of words needed in each category was evaluated. Words with the highest correct recognition scores that were appropriate for the test structure in each category were selected. The 12 words for each of the MESP categories 2 to 5 and the 48 words for category 6 were chosen in this manner.
Preparation of Test Materials
There were several considerations in the selection of the dialect and talker for the recordings of the MESP words. Putonghua, or Standard Mandarin, was chosen because it is used throughout China and is the Mandarin dialect understood by most Chinese. The selected talker is a speaker of this dialect with a professionally trained voice. He is the same talker used for the Mandarin HINT recordings (Wong et al. 2005) , which have been used without issues related to dialect in a number of locations throughout China.
The test materials were recorded at the House Ear Institute using the procedures described by Nilsson et al. (1994) . After the recordings were made, the words were edited into individual files, and the A-weighted root mean square amplitude of each sentence was calculated, and all words were scaled to the same amplitude.
Test Administration and Scoring
A software program was written for use in administration and automated scoring of the picture-naming and recognition tasks for the MESP. With this software program, the picturenaming test is administered manually and scoring is done by a computer. The words for the recognition test are selected randomly by the program and presented through a loudspeaker. A picture-pointing task with printed picture plates is used to obtain the child's responses.
Responses in the category 2 test were scored according to the correct speech pattern (monosyllable, disyllabic spondee, disyllabic trochee, and trisyllable) and not according to the correct word. The subject viewed all 12 items, and responses were scored in one of the four speech pattern categories. Chance performance for category 2 is 25% correct. In the category 3, test scoring was according to the correct word. Again, the subject viewed all 12 items, and the chance performance is 8.3% correct. In the category 4 and 5 tests, plates with 12 pictures in four columns of three pictures were used, but only the column with the target word and the two minimally contrastive alternatives were shown. Thus, the chance performance for these categories is 33.3% correct. In the category 6 test, six plates with eight pictures in four rows of two pictures per plate were used. Each plate contained the set of words for one of the six possible combinations of the four Mandarin tone pairs. Only the row with the target word and its minimally contrastive alternative was shown as the items were presented. Thus, the chance performance for category 6 is 50% correct.
After the recognition items for an individual category were administered, the percent correct recognition score was calculated using the software. Items that were incorrectly named were not included in the calculation. The software compared the obtained score with the threshold score for the test, defined as the level of performance that would be significantly higher than that expected by chance, using an ␣ value of 0.05, as calculated using the binomial distribution for the number of test items (total items minus incorrectly named items) and the probability of obtaining a correct response by chance. If the obtained score exceeded the threshold score for the category, the child is said to have successfully reached the category and is advanced to the next category for further testing. The ␣ value of 0.05 used for calculation of the threshold scores is not as strict as the values used with the ESP (Moog & Geers 1990 ). By setting a less strict criterion during the development of the MESP, subjects were advanced more often to the next categories. This procedure allowed additional data to be obtained from the more difficult categories unique to the MESP (i.e., categories 4 to 6). The same will be true when the MESP is used to evaluate hearing-impaired children, although the use of a stricter criterion may be more practical in a clinical setting because the testing time will be reduced. More strictly defined threshold scores may be appropriate when the MESP is used to evaluate hearing-impaired children.
Category 2: Speech Pattern Perception
The words (in Mandarin, Pinyin, and English) comprising this test are listed in Table 2 , and the pictures are shown in Figure 1 . There are three each monosyllables, disyllabic trochees, disyllabic spondees, and trisyllables.
The assumption underlying the category 2 test is that the speech patterns (i.e., temporal envelopes) of the words contain adequate information to recognize correctly whether the word is a monosyllable, a spondee or trochee disyllable, or a trisyllable. Speech-modulated noise versions of the category 2 words with only temporal envelope and no spectral information were used to validate this assumption for the selected words.
A total of 21 normally hearing young adult native speakers of Mandarin from Chengdu were administered the category 2 test with the speech-modulated noise stimuli. Results were scored according to the correct speech pattern category and according to the correct word. Category scores were 78.6% correct, when compared with the word scores of 26.6% correct. The chance performance for category scores and word scores is 25% and 8.3%, respectively. The category scores were significantly above chance (p Ͻ 0.0001), whereas the word scores were not (p Ͼ 0.05). Speech pattern category scores were well above the threshold score (54.5%) for category 2. Ideally, the temporal envelope cues would allow normally hearing adults to achieve the category scores of 100%; however, these results indicate that these cues are adequate to achieve scores well above the threshold score for category 2.
Category 3: Spondee Word Perception
This test comprised 12 words (see Table 2 ) that fall into three groups defined according to the tone in the first and second syllable of the spondee. The pictures used in this test are similar to those shown for the category 2 test.
Category 4: Vowel Perception
There are four groups of monosyllabic words with three words in each column that have the same consonant and tone and differ only in their vowel.
Category 5: Consonant Perception
The structure of the Consonant Perception test is the same as that of the Vowel Perception test. There are four groups of monosyllable words (see Table 2 ) in this test. The three words in each column have the same vowel and tone and differ only in their initial consonant.
Category 6: Tone Perception
The four Mandarin tones can be combined in six different ways: tones 1-2, 2-3, 3-4, 2-3, 2-4, and 3-4. Four pairs of minimally contrastive words were selected for each tone combination. These 48 words are presented in Table 2 .
Practice Test
A practice test consisting of 12 two-syllable words was also prepared. The words comprising the practice test were familiar to the youngest children but could not be used in the MESP because of the test structure.
General Procedures
One goal of the study was to evaluate the MESP test materials and protocol for use with young children who can select between a small number of alternatives in a closed-set speech perception test. These abilities may be more dependent on vocabulary level and auditory ability than chronological age in hearing-impaired children. However, in de- velopmentally normal children, they are evident as early as 2 yr of age (Eisenberg et al. 2006) . The MESP materials are considered suitable for children with cognitive and language levels of 2 yr if most, preferably all, developmentally normal children in this age range successfully reach all categories.
Two different methods of test administration were used during the study. With the first method, which is described below, the picture-naming task preceded the recognition test. This is the method one would use to test hearing-impaired children. With the second method, the recognition test was given first, and the picture-naming task was used only for those words that produced recognition errors. This method proved to be more efficient with developmentally normal children, although it is not appropriate for use with hearing-impaired or language-delayed subjects, whose vocabulary must be verified before the recognition tests are administered. Another goal of the study was to determine the suitability of test materials recorded in Putonghua for the evaluation of the ESP abilities of children exposed to both Putonghua and Sichuanhua (the regional dialect of Mandarin in Sichuan Province). Although these dialects are quite similar and mutually intelligible, there are differences in their use of tone that may affect performance, especially for category 6, Tone Perception.
Subjects
A total of 92 developmentally normal children from three kindergartens (referred to as K1, K2, and K3) were tested. The developmental status of each child was determined from the teachers' responses to a checklist for language and cognitive development. The teacher was asked to rate the children's language development and their receptive language as delayed, normal, or advanced. No children were excluded from the study because of their developmental status. Hearing was screened by otoacoustic emissions for each child. All participants passed the screening. The age and gender distribution for each sample is summarized in Table 3 .
Methods
Test administration
• Each child was tested using the software program described above. The computer screen and a keyboard were oriented away from the child's view so only the appropriate picture plate was visible to the child. A small powered loudspeaker was connected to the notebook computer's audio output, and the volume of speech from the loudspeaker was adjusted to a comfortably audible level before testing began.
The same test procedure was used in K1 and K2 for each category, as described earlier, with the picture-naming task given first followed by the recognition test, as would be done with hearing-impaired subjects. All responses were recorded by the tester in the software. The same tester was used for the entire study. For K3, the recognition test for each category was given first, followed by the picture-naming task, if needed, for only those words that produced recognition errors. The picturenaming task allowed the number of true recognition errors to be determined with both the procedures.
The protocol for administration of the recognition test was also specified.* Responses in the categories 2 and 3 tests were made while the child viewed the entire picture plate for the test. During the categories 4 to 6, tests the child viewed only the pictures for the appropriate subtest. If the child made an incorrect response or no response on any of the tests, the word was repeated without feedback. If the second response was also incorrect, the word was scored as incorrect. If the second response was correct, the word was repeated again without feedback, and the response on the third presentation was scored. This protocol was developed to eliminate the need for judgments about the child's attention during the test and to aid the tester in maintaining the child's attention. The Appendix describes the probability of correctly guessing the response on each repetition, using category 6 as an example. Dialect exposure checklist • A simple dialect exposure checklist was assembled and given to the caregivers and teachers of the children in the study. The two-part checklist consisted of questions about the child's dialect exposure at kindergarten and at home. The kindergarten questions were asked to the child's teacher, and the home questions were asked to the child's primary caregiver, who could be a parent, grandparent, or helper.
The following three questions were asked to the teacher:
1. What dialect do you speak to the child? 2. What dialect does the child use to speak to you? 3. What dialect does the child use to speak to his or her peers?
The following four questions were asked to the caregiver:
1. What dialect do you speak to the child? 2. What dialect does the child speak to you? 3. At what age was the child first exposed to Putonghua? 4. At what age did the child start to speak Putonghua?
*The procedure for the picture-naming task differed slightly according to whether the test preceded or followed the recognition test. When picturenaming preceded recognition, the child was shown the picture and asked to name it. If the child was unable to do so, the tester prompted the child by describing the picture or by drawing attention to aspects of the picture that might help to elicit the name. If prompting was unsuccessful, the tester said the word and asked the child to repeat it. After the picture was named correctly, the tester practiced with the child by speaking each word and asking the child to point to the correct picture. The protocol for the picture-naming test after the recognition test was somewhat simpler. The tester, while pointing to the picture, asked the child to say the word that was incorrectly recognized. If the child was not able to do so, the tester prompted the child, as with the other picture-naming procedure. No attempt was made to teach the child the word. The second procedure was used to reduce test time with developmentally normal subjects. Answers to each question, except those about age, were given in terms of the percent of time Putonghua was spoken and the percent of time Sichuanhua was spoken. The caregiver responses for one child mentioning other dialects were excluded from consideration. Note that the responses to these questions were based entirely on the judgment of the caregivers and teachers, none of whom had been instructed or practiced in the evaluation of dialect exposure. Thus, the primary value of the data from the checklist is to determine whether each child was or was not exposed to Putonghua without accurately quantifying the extent of exposure.
RESULTS
Method of Test Administration
The subjects from K1 and K2 were administered the MESP with picture-naming of all words in a category preceding the recognition test for that category, as would be done with hearing-impaired subjects. Only 2.0% of words on average produced both naming and recognition errors across all categories. Category 6 exhibited the highest percent of these errors with 4.7%. Age trends were also evident, with 2.0-to 3.0-yrolds producing more of these errors (4.3%) than those aged 3.0 to 4.0 and 4.0 to 5.0 yr (1.2 and 0.4%, respectively). The small percentage of picture-naming errors indicates that the words and pictures chosen for the MESP are suitable for children in this age range.
The possibility also exists that some words may have been named incorrectly and yet recognized correctly. The results for K1 and K2 revealed that this occurred on 8.0% of trials, four times as often as the co-occurrence of both naming and recognition errors. The 2.0-to 3.0-yr-olds correctly recognized 15.6% of words they could not name, whereas 3.0-to 4.0-yrolds did so for 5.7% of words, and 4.0-to 5.0-yr-olds did so for 2.8% of words. These response patterns occurred most commonly for the more difficult MESP tests, categories 5 (14.0%) and 6 (10.4%). A possible explanation of this phenomenon is that the picture-naming task is open-set, in that the child is shown a picture and asked to name it. On the other hand, the recognition test is closed-set: a word is presented, and, for MESP categories 4 to 6, the response is selected only from two or three pictured alternatives.
The subjects from K3 were administered each recognition test for the MESP without a prior picture-naming task. Naming of only those words that were recognized incorrectly was evaluated after the recognition test. The overall co-occurrence of incorrect recognition and picture-naming was 1.3% with this method. The MESP data from the three test sites were pooled for subsequent analyses, based on the similarity of picturenaming error rates for the two methods.
Dialect Exposure
A total of 85 checklists were returned by the caretakers and teachers of the children who participated in the study. The checklists were used to divide the subjects into two groups. The first group of 60 children (70.2%) used Putonghua when speaking to others, and their teachers and caregivers spoke to them in Putonghua. This group comprised 25 children of 2.0 to 3.0 yr, 15 of 3.0 to 4.0 yr, and 20 of 4.0 to 5.0 yr. Use of Putonghua by this group ranged from 30 to 100%. Teachers and caregivers typically spoke to these children using Putonghua 90% or more of the time. The second group, which comprised 25 children (29.8%), reportedly never used Putonghua when speaking to others. This group comprised five 2.0-to 3.0-yr-olds, nine 3.0-to 4.0-yr-olds, and eleven 4.0-to 5.0-yr-olds. Caregivers in this group also did not communicate with the child in Putonghua. The teachers used Putonghua 40% of the time in their communications with these children. Both groups were first exposed to Putonghua between approximately 9 and 11 mo of age on average, according to the caregiver reports. Children in group 1 started speaking Putonghua at approximately 20 mo of age, and children in group 2 started at approximately 26 mo of age. These differences were not significant because of the large variability in age at the first use of Putonghua within both the groups.
Given the limitations of the dialect exposure checklist in quantifying the extent of Putonghua exposure and use, neither of these groups was further subdivided based on the extent of their exposure to Putonghua. However, it is important to note again the limitations of the checklist in that it did not account for exposure to Putonghua from television, from the use of Putonghua with friends and relatives, or from other sources. Thus, it may be inappropriate to regard the children in the second group as nonusers who were only exposed to Putonghua from their teachers. Table 4 summarizes the MESP results for each category. The proportions of subjects successfully reaching each category by achieving a recognition score greater than the threshold score for the category are shown for each age group in the first three rows of the table. The threshold scores for each category are displayed with the category name across the top of the table. Note that threshold scores are reported as percentages rather than the number of correct responses because the number of test items, and thus the number of correct responses corresponding to the threshold score, can vary from subject to subject when identification errors cause items to be excluded from scoring. The percentages express the lowest threshold score for each test, regardless of the number of items excluded. Mean and SD for percent recognition scores in each age group are shown in the remaining rows of the table. All values in the table are displayed separately for group 1, the 60 children identified as primarily Putonghua users, and for group 2, the 25 children identified as primarily Sichuanhua users.
All children, regardless of age and dialect exposure, successfully reached categories 2 to 5, as did the two older age groups with category 6. Of the 2.0-to 3.0-yr-olds, three children failed to reach category 6 -two from group 1 and one from group 2. In short, all but three of the 85 children successfully reached all of the categories.
The mean percent recognition scores for categories 2 to 4, Pattern Perception, Spondee Words, and Vowels, are within a few percentage points of each other for the two groups and for each of the age groups. Most of the means were at or near ceiling for these categories, making statistical comparisons difficult to interpret. However, the average score difference between groups 1 and 2 across all age groups for these three categories was Ͻ1%, indicating consistently equivalent performance.
Mean scores for categories 5 and 6, Consonants and Tones, were not at ceiling for either group, and the differences between the two groups were slightly larger. Group 2 scores were 7 to 11 percentage points lower than group 1 scores across age groups for the Consonant test. These differences were significant for 3.0-to 4.0-yr-olds, t(22) ϭ Ϫ2.97, p ϭ 0.003, and for 4.0-to 5.0-yr-olds, t(29) ϭ Ϫ2.21, p ϭ 0.035. Group 2 scores were also about 6 percentage points lower than group 1 scores on the Tone test for 2.0-to 3.0-yr-olds and 4.0-to 5.0-yr-olds, and about 11 percentage points lower for 3.0-to 4.0-yr-olds. Group differences for the youngest children were not statistically significant. The differences on the Tone test were significant for 3.0-to 4.0-yr-olds, t(22) ϭ Ϫ4.02, p Ͻ 0.001, and for 4.0-to 5.0-yr-olds, t(29) ϭ Ϫ3.01, p ϭ 0.005. These comparisons suggest that the performance of children who primarily use Putonghua and those who primarily use Sichuanhua was equivalent and at ceiling for categories 2 to 4. Differences between these groups ranging from 6 to 11 percentage points were seen for the more difficult categories 5 and 6 tests. However, all children, regardless of their dialect exposure could be tested on all categories of the MESP.
Age
The category 2 test results, and those for categories 3 and 4, exhibited nearly 100% accuracy for all three age groups. Average performance for children of all ages in group 1 was Ͼ99%. Children 3.0 to 4.0 and 4.0 to 5.0 yr of age in group 2 achieved almost the same level of performance, whereas those aged 2.0 to 3.0 yr averaged 91.2%. All age groups in the sample successfully achieved this category. Thus, these results indicate that developmentally normal children as young as 2.0 yr of age can do the Speech Pattern Perception test and that the performance on this test is minimally influenced by the dialect exposure or age.
The category 3 test results are similar to those for category 2. All children in the three age groups averaged Ͼ98% correct, and all children successfully achieved this category. Again, these results indicate that developmentally normal children as young as 2.0 yr of age can also do the Spondee Perception test.
The results for category 4 were also uniformly high for both dialect exposure groups at all ages, reaching a performance plateau at about 95% correct. The range of mean scores across age groups was only about 4 to 5 percentage points, with group 2 obtaining slightly higher scores than group 1. These results show that developmentally normal children as young as 2.0 yr of age are also able to do the Vowel Perception test accurately.
The mean scores for consonant perception in groups 1 and 2 both exhibited small age differences that were not statistically significant. Overall, the mean performance was Ͼ90% in group 1 and Ͼ80% in group 2, and all children were able to do the Consonant Perception test.
The results for category 6 did exhibit significant age effects in both groups. For group 1 children, the mean for the children aged 3.0 to 4.0 and 4.0 to 5.0 yr were 11 to 14 percentage points higher than the mean for those aged 2.0 to 3.0 yr, t(38) ϭ Ϫ4.34, p Ͻ 0.001 and t(43) ϭ Ϫ5.81, p Ͻ 0.001, respectively. The two older groups did not differ significantly from each other.
The two youngest age groups in group 2 also did not differ significantly from each other. The mean score for the 4.0-to 5.0-yr-olds, 94.5%, was significantly higher than either of the younger groups, t(14) ϭ Ϫ3.96, p ϭ 0.001 and t(18) ϭ Ϫ2.40, p ϭ 0.027. The tone perception scores for the group 2 children seem to lag the group 1 scores by about 1 yr. The mean for 3.0-to 4.0-yr-olds in group 2 (80.2%) is about the same as the mean for 2.0-to 3.0-yr-olds in group 1 (80.4%). Likewise, the mean for 4.0-to 5.0-yr-olds in group 2 (88.2%) is similar to the mean for 3.0-to 4.0-yr-olds in group 1 (91.9%).
The Tone Perception test gives the child two choices in recognizing the spoken word. Because these choices picture minimally contrasting words that differ only in tone, it is possible to analyze the age effects for each of the six possible combinations of the four tones for groups 1 and 2 separately. Figure 2 displays the mean recognition scores for each tone pair separately for the two groups. The children aged 3.0 to 4.0 yr in group 1 exhibited significantly better tone perception than those aged 2.0 to 3.0 yr for all of the tone pair combinations in t-tests, p Յ 0.033 for all tests. However, none of the tone pairs showed significant performance differences when the 4.0-to 5.0-yr-olds was compared with the 3.0-to 4.0-yr-olds. This pattern of results suggests that the individual tone pair scores, similar to the overall tone perception score, reach a plateau for both of the older age groups who primarily use Putonghua.
The age trends for group 2 seen in Figure 2 differ from those for group 1. Only the 1-4 tone pair showed significantly higher scores for 3.0-to 4.0-yr-olds compared with 2.0-to 3.0-yr-olds, t(12) ϭ Ϫ2.57, p ϭ 0.0245. In addition, two tone pairs, 1-2 and 1-3, were significantly higher in 4.0-to 5.0-yr-olds compared with 3.0-to 4.0-yr-olds, t(18) ϭ Ϫ2.29 and Ϫ2.58, p ϭ 0.035 and 0.019, respectively. However, all of the tone pairs except tone 2-3 showed significantly better tone perception for 4.0-to 5.0-yr-olds than that for 2.0-to 3.0-yr-olds in t tests, p Յ 0.024 for all tests. These results suggest that the 1-4 tone pair reaches plateau for 3.0-to 4.0-yr-olds, as with group 1. However, of the remaining tone pairs, only 1-3 and 3-4 reach plateau for 4.0-to 5.0-yr-olds, which is a year later than group 1. The tone pair data may also be interpreted in terms of the number of subjects in groups 1 and 2 at each age whose tone pair scores were significantly above chance. With eight trials and a probability of a correct guess 0.5, scores Ͼ75% correct satisfy this criterion. Of the 2.0-to 3.0-yr-olds in group 1, only one subject was above chance for the tone pair 2-3, whereas 50 to 75% of the subjects were above chance for the other tone pairs. Approximately 50% of children aged 3.0 to 4.0 yr and 4.0 to 5.0 yr were above chance for tone pair 2-3, whereas 85 to 95% of these children were above chance for the other tone pairs.
In group 2, Ͻ5% of 2.0-to 3.0-yr-olds were above chance on any of the tone pairs, and none of the subjects was above chance for tone pair 2-3. Only one 3.0-to 4.0-yr-old and three 4.0-to 5.0-yr-olds were above chance for this tone pair. Approximately half the 3.0-to 4.0-yr-olds in group 2 were above chance for the remaining tone pairs, and about 85% of 4.0-to 5.0-yr-olds were above chance for the remaining tones.
DISCUSSION
Comparison of the MESP and the ESP
A major objective of this research was to develop a Mandarin ESP test with a structure paralleling that of the English ESP. The availability of such a test in Mandarin moves one step closer to a complete hierarchical assessment battery for speech perception to evaluate intervention outcomes for children with hearing impairment objectively during early development of their speech and language abilities. This objective seems to have been met to the extent possible, given the differences between tonal and nontonal languages.
The first three categories of the ESP and MESP, Speech Detection, Speech Pattern Perception, and Spondee Perception, parallel each other, although tone variations are restricted in categories 2 and 3 of the MESP. Category 4 of the ESP, Consistent Word Perception, does not have a parallel in the MESP. Instead, the MESP contains three additional categories: Vowel Perception, Consonant Perception, and Tone Perception. Although the new categories add to the complexity and difficulty of the MESP, these additions were deemed necessary for two reasons. First, they control segmental and tone variations in the words comprising each test. Without such control, it is impossible to determine whether responses are based on vowel perception, consonant perception, tone perception, or some combination of the three. Second, the use of separate tests with minimally contrastive response alternatives provides more analytic information about the child's speech perception abilities. The value of this information is evident from the results demonstrating the different dialect exposure and age effects for tone perception and segmental perception in developmentally normal children. Additional research is required to determine whether similar effects are observed in children with profound hearing loss.
The MESP also uses recorded speech and a computerized test administration and scoring procedure, which can complicate test administration in such young children. However, the results showed that, without exception, all of the children in the study could be tested with the test materials in this manner, lending validity to the selection of items, pictures, recordings, and scoring methods. The ESP assumes that all developmentally normal children who are capable of selecting from a limited number of alternatives in a closed-set speech perception will perform well in all of the categories. This was also true for the three MESP categories that parallel the ESP. In addition, all but three of the 85 developmentally normal children obtained scores significantly above chance on the three more difficult MESP categories.
A procedural difference between the MESP and the ESP exists in the method for dealing with attentional problems during the test, a common concern when very young children are being evaluated. With the ESP, the tester's judgment is used to determine whether an error was caused by a lapse of attention. If a lapse of attention has occurred, the tester repeats the item. With the MESP, a computer-controlled procedure is followed after an error occurs or no response is given, either of which may be caused by a lapse of attention. The child is asked to listen again, and the word is repeated without feedback. If a second error occurs or no response is given, an incorrect recognition response is scored. If the repetition is correct, the word is repeated again without feedback, and a third response is obtained and used to score the trial. This "two of three" method provides a standardized way to deal with errors. The probability analysis for this method, as reported in the Appendix, shows that the probability of correctly guessing the response remains the same on all the three presentations because no feedback is given.
Dialect Exposure
One of the advantages of the MESP, as a recorded test administered by computer, is that it can be used in the same way to evaluate Mandarin-speaking children in different locations. However, Mandarin is a language that comprises several mutually intelligible dialects (Ramsey 1987; Norman 1988 ). Standard Mandarin, or Putonghua, is the most widely spoken Mandarin dialect in China and is used in the media and taught in all kindergartens and schools. Putonghua is based on Beijinghua but draws broadly on elements of other dialects as well. Beijinghua is considered to be Northern Mandarin (Norman 1988) . The talker selected for the recordings was a Beijing native who speaks Putonghua fluently in his occupation as a radio news reader.
Children in Sichuan are exposed to Putonghua and to Sichuanhua, a dialect of Southwestern Mandarin that differs from Putonghua in the duration and nasalization of vowels and in the makeup of its lexical tones (Ramsey 1987; Norman 1988; Wang et al. 2006) . The dialect in Sichuan is referred to as Southwestern Mandarin because Sichuan is in the southwestern part of a region spanning all of Northern China where dialects of Mandarin are most commonly found (Ramsey 1987; Norman 1988; Wang et al. 2006) . Although Putonghua and Sichuanhua are mutually intelligible, the extent of exposure to the two dialects in the home and at school had a small (6 to 11 percentage points) effect on consonant and tone perception for children older than 3.0 yr. No effects were seen for the three easier MESP tests, where scores were at ceiling for all subjects. Despite this small effect, all children successfully reached all of the MESP categories, with the exception of three of the youngest children on category 6. Because determination of the MESP categories reached successfully is of primary importance in clinical applications of the test, dialect exposure is expected to have a minimal effect on test results when the MESP is used with hearing-impaired subjects. This has also been the experience with the Putonghua recordings of the HINT sentences when they have been used in different regions of China (Wong, Reference Note 1) .
Nonetheless, the current results also provide insights into the effects of dialect exposure on the ability of developmentally normal children to hear some of the consonant and tone contrasts. Systematic patterns of errors as a function of dialect exposure were seen in tone perception. It was not possible to observe such error patterns in consonant perception because the subcategories on the consonant test comprised different and nonexhaustive combinations of Mandarin consonants. To understand the tone perception error patterns, it is necessary to describe in more detail the acoustic-phonetic characteristics of the tones in each dialect using the system first proposed by Chao (1930) . The starting and ending pitches of a tone are assigned numerical values on a five-point scale, where 5 is the highest pitch of the normal voice range and 1 is the lowest. Norman (1988) and Wang et al. (2006) both describe Putonghua and Sichuanhua tones in the same way. Figure 3 displays the tone patterns according to the Chao (1930) system for both dialects. Putonghua tone 1, which is high and flat, is [55] in this system. Tone 2, which is mid and rising, is [35] . Tone 3 has a concave contour that dips and then rises. It is assigned three values [214] ; however, the dip is not always salient, resulting in a pattern more like [14] . Tone 4, which is high and falling, is [51] . Tones 2 and 3 are the only rising tones and are similar, especially when the dip in tone 2 is not salient. This tone pair was far more difficult than any of the other pairs for the group who primarily used Putonghua, as seen in Figure 2 . The easiest tone patterns to distinguish for this group were flat versus falling (pair 1-4) and rising versus falling (pair 3-4).
Sichuanhua tone 1, [44] , is high and flat like Putonghua tone 1. Tone 2, [31] , is mid and falling and is unlike any of the Putonghua tones. Tone 3, [53] , is similar to Putonghua tone 4. Tone 4, [13] , is low and rising like Putonghua tone 2 but in a lower pitch range. Thus, Putonghua tones 2 and 3 do not have close analogs in Sichuanhua, and when tone 3 is produced without the initial dip it closely resembles Sichuanhua tone 4. Evidence of the difficulty caused by these differences between the two dialects is seen in the performance for Putonghua pair 2-3, which never increased above 65% for the group that primarily used Sichuanhua. Likewise, performance for the other Putonghua tone pairs that included tone 2, 1-2 and 2-4, only reached about 85% in the oldest group. The presence of both high-flat and high-falling tones in both dialects (Putonghua tones 1 and 4, and Sichuanhua tones 1 and 3) evidently made the distinction between tones 1 and 4 equally salient for both groups.
The differences in tone perception between the groups of children appear to be systematically related to the acousticphonetic characteristics of the tones in the dialects to which each group is most frequently exposed. If the characteristics of tones in other Mandarin dialects differ from Putonghua in a manner comparable with that of the Putonghua-Sichuanhua differences, one would anticipate that performance on the tone test might decrease by a similar small amount in children who are exposed primarily to these other dialects. The observed effects of dialect exposure on tone perception raise a number of questions about the early development of segment and tone perception in tonal languages such as Mandarin. For example, it is unknown whether development of tone perception generally lags that of segment perception or whether dialect differences specific to Putonghua and Sichuanhua are the primary cause of the effects observed in this study. However, when the MESP was scored according to the final category reached by the child, dialect exposure did not systematically affect the results. Only three of the 2-yr-olds failed to score above threshold on category 6, and two of these subjects were exposed primarily to Putonghua.
Age
The results show that all developmentally normal subjects in the study, regardless of age, performed equally well on categories 2 to 5. Scores were uniformly high in all three age groups, and all children reached all of these categories successfully. Thus, the test materials for these categories seem appropriate for the vocabulary of a developmentally normal child as young as 2 yr of age.
However, for category 6, Tone Perception, recognition scores for the youngest and oldest age groups differed by approximately 14 percentage points in both groups 1 and 2, and a performance plateau at approximately 95% correct was seen for the oldest children. These findings suggest that tone perception may continue to develop beyond the age range of this study (5.0 yr). However, development of tone perception is complete well in advance of adulthood because adult natives of Sichuan obtain mean scores Ͼ99% correct on this test (Meng, Reference Note 2) .
Tone perception scores for children who primarily used Sichuanhua were approximately 1 yr behind those of children who primarily used Putonghua. This delay was evident for individual tone pairs as well. If these trends are extrapolated, they suggest that by the time children who primarily use Sichuanhua reach 5.0 to 6.0 yr of age they will achieve approximately the same level of tone perception for Putonghua tones as primary users of Putonghua. The exception to this statement is the tone 2-3 contrast. Neither group of children, regardless of age, achieved high scores for this contrast. These observations lend support to the categorization of tone perception as the most difficult measure of early speech perception for developmentally normal children.
CONCLUSIONS
The MESP is an objective, recorded speech perception test for young Mandarin-speaking children who cannot be tested with open-set speech materials, yet who are able to choose from a small set of closed-set alternatives. Computerized test administration and scoring allow the MESP protocol to be administered uniformly over a variety of clinical and research settings. This study demonstrated these features of the MESP in developmentally normal children, although the primary intended use of the test is for the evaluation of hearingimpaired children in the clinical settings.
Two different and complementary approaches to the interpretation of MESP test results have been discussed. The first approach is relevant to its use in the clinical settings where one seeks to determine which MESP categories are reached successfully by the hearing-impaired child. For this approach to succeed, there must be no question that developmentally normal children possess the vocabulary and behavioral skills to reach each category successfully. The results show that this is the case for the three MESP categories that parallel the ESP and, in most cases, for the three more difficult categories that are unique to the MESP.
The second approach is relevant to the development of speech perception in a tone language. The results for category 6, Tone Perception, provide a unique cross-sectional view of this process by focusing on the recognition scores obtained by children of different ages and different amounts of exposure to Putonghua. The evidence from this approach is consistent with the acoustic-phonetic properties of the tone contrasts in each dialect and suggests the need for future study of this developmental process over a wider age range and for different dialects of Mandarin. Both approaches point to future uses of the MESP in clinical outcomes research after pediatric interventions and in developmental studies of Mandarin speech perception.
